Objective: To establish reliable procedures and normative values to quantify brainstem encoding of speech sounds. Methods: Auditory brainstem responses to speech syllables presented in quiet and in background noise were obtained from 38 normal children. Brainstem responses consist of transient and sustained, periodic components-much like the speech signal itself. Transient peak responses were analyzed with measures of latency, amplitude, area, and slope. Magnitude of sustained, periodic frequency-following responses was assessed with root mean square, fundamental frequency, and first formant amplitudes; timing was assessed by stimulus-toresponse and quiet-to-noise inter-response correlations.
Introduction
The neural encoding of sound begins in the auditory nerve and travels to the auditory brainstem. Brainstem responses to simple stimuli (e.g., clicks, tones) are widely used in clinical practice in the evaluation of auditory pathway integrity (Møller, 1999; Starr and Don, 1988) . Less well-defined is how the brainstem responds to complex stimuli. Describing auditory encoding of speech sounds provides insight into some of the central auditory processes involved in normal communication. Furthermore, this knowledge may be applied to understanding effects of the aging process on hearing, as well as to a broad range of other circumstances, including hearing and communication in individuals with learning problems, peripheral hearing impairments, cochlear implants, or auditory neuropathies.
Background and significance
Some people have normal peripheral hearing, but still cannot perceive speech well. Previous studies have shown that the disruption of neural timing at the cortex is linked to auditory perceptual deficits (Kraus et al., 1996; Nagarajan et al., 1999; Tonnquist-Uhlen, 1996; Wible et al., 2002) . In addition, abnormal electrophysiological responses to speech syllables at the brainstem level have been associated with a wide spectrum of diagnosed learning problems (King et al., 2002; Wible et al., in press ). These abnormalities include a temporally delayed response to the onset of a consonant
